As Newfoundland has the highest rate of familial colorectal cancer (CRC) in the world, we started a population-based clinic to provide colonoscopic and Lynch syndrome (LS) screening recommendations to families of CRC patients based on family risk. Of 1091 incident patients 51% provided a family history. Seventy-two percent of families were at low or intermediate-low risk of CRC and colonoscopic screening recommendations were provided by letter. Twenty-eight percent were at high and intermediate-high risk and were referred to the genetic counsellor, but only 30% (N = 48) were interviewed by study end. Colonoscopy was recommended more frequently than every 5 years in 35% of families. Lower family risk was associated with older age of proband but the frequency of screening colonoscopy recommendations varied across all age groups, driven by variability in family history. Twenty-four percent had a high MMR predict score for a Lynch syndrome mutation, and 23% fulfilled the Provincial Program criteria for LS screening. A population-based approach in the provision of colonoscopic screening recommendations to families at risk of CRC was limited by the relatively low response rate. A family history first approach to the identification of LS families was inefficient.
counselling (4) . The term 'familial CRC' is used for individuals with a clinically important increased risk, based on their family history, which justifies screening using colonoscopy (5) . The lifetime risk of developing CRC for these individuals is higher than 10% and depends on the number of relatives with CRC and the age at diagnosis (6) .
The Amsterdam criteria were designed to identify hereditary non-polyposis colorectal cancer families with high specificity of a gene mutation (7) . Among this group, there are two primary categories: Lynch syndrome in which mutations of genes involved in DNA mismatch repair (MMR) pathway cause CRC and extra colonic cancer susceptibility; and (2) familial CRC type X (FCCTX) in which tumours are proficient in DNA MMR proteins and there is no extra colonic cancer susceptibility (8, 9) . In the NFCCR, only 2.8% of patients had mutations in MMR genes causing Lynch syndrome, and 2.3% were classified as FCCTX (7) . A further 25% of incident cases had at least one first-degree relative with CRC, did not have a CRC predisposing mutation, and did not fulfil Amsterdam criteria (10) . Thus, the greater burden of familial CRC occurs in families without a known mutation predisposing to CRC.
In 2010, we decided to start a Familial CRC clinic in two regions of NL to provide screening recommendations to families of incident CRC patients based on family risk of CRC. This was done because recommendations recognize family members of CRC patients as a high-risk group who require screening colonoscopies (3), because the incidence of familial CRC in NL is high (2) , and because identification of hereditary and familial CRC is currently not optimal (11) . In view of the benefits that accrued to LS mutation carriers as a result of colonoscopic screening and specific disease management issues in families with LS (12) (13) (14) , we initiated a family history first approach in the Familial CRC clinic for the identification of selected patients who required tumour/DNA cascade testing for the diagnosis of LS (10) .
The purpose of this report was (i) to assess the effectiveness with which the population-based familial CRC clinic provided colonoscopic screening recommendations to families at different degrees of risk of CRC; (ii) to examine the colonoscopic screening recommendations made, and the effect of age of the index patient on various measures of family risk of CRC and on recommendations; and (iii) to assess the characteristics of patients referred to see a genetic counsellor, and the effectiveness of a family history first approach in the identification of families at risk of Lynch syndrome.
Methods

Familial CRC clinic
Incident, pathologically confirmed, CRC patients, from the Newfoundland Cancer Registry, who presented from 2008-2010 in two NL health regions (Eastern and Central) were contacted by letter signed by the lead oncologist at the NL Cancer Centre and invited to attend clinic. Subsequently the Familial CRC clinic staff contacted the patient to confirm their response. Their physician was not notified. Patients with familial polyposis coli were excluded following review of pathology, and patients with other monogenic CRC syndromes did not present during the study period.
Patients were asked to provide a family history, including cancer occurrence and age at cancer diagnosis in first and second-degree relations. This was initially collected by mail, following which missing information was obtained and verification undertaken by phone. Where relevant, consent for release of information was obtained from family members and medical records requested to confirm cancer type. A family pedigree was reviewed by a medical geneticist (JSG) and a genetic counsellor, and family risk for Lynch syndrome and for CRC was determined. The clinical decision on risk was made by the geneticist (J. G.) using her educated, expert opinion, and incorporated age of onset of CRCs in the family, number of first and second-degree family members with CRC, family size, Amsterdam criteria, age and cancer modified Amsterdam criteria (ACMAC) and Bethesda criteria (7, 15) (definitions in Table S3 ), presence of multiple adenomatous polyps in a first-degree family member.
Definitions of family risk were:
( Patients with family at high or intermediate-high risk of CRC were referred to the genetic counsellor to provide colonoscopy and other screening recommendations to families and to obtain consent, if necessary, for tumour/genomic DNA cascade testing to diagnose LS. Table S4 outlines the criteria used by the Provincial Medical Genetics Program (PMG) for the cascade testing protocol for MMR mutation identification. These criteria were developed by local expert opinion following review of the literature. Patients in a family at intermediate-low or low risk were sent a letter summarizing the family history and providing screening recommendations.
Age at which screening should start and frequency of colonoscopy were provided to families. For the purposes of this paper frequency was classified into four groups: (i) 1, 1-2 or 2 years; (ii) 2-3, 3 years; (iii) 3-5, 4 years; (iv) ≥ 5 years. Colonoscopy recommendations were made by an expert, experienced CRC geneticist (J. G.) following clinical evaluation of the pedigree and of family risk of CRC. The recommendations were provided in writing to the patient to forward to family members.
Because of prior problems with immunohistochemistry testing at the regional health authority, Eastern Health (16), tumours and DNA were sent to Toronto for cascade testing to diagnose LS in selected patients. (Table S3 ). Family history score (FHS) was calculated to assess the risk of CRC in FDRs (17) , and the MMR predict score was calculated to measure the risk of being a LS mutation carrier (18). Risk was also classified by the five criteria used in the PMG (Table S4) .
Briefly, the FHS compares each member of a family to age and sex-matched population controls in terms of probability of disease (17, 19) . This involves comparing the observed number of cases for a family over a specific time period to the expected number of cases, calculated based on family member covariates (age, sex, and race) and overall family structure. The proband was included in the score. The expected CRC incidences were calculated using the Surveillance, Epidemiology, and End Results (SEER) program from the National Cancer Institute. MMR predict was the best performing model in the NFCCR for identifying CRC patients who had a DNA mismatch repair mutation and thus a high score identified patients who should be screened for LS (18) . Variables in the model include age at diagnosis of CRC, sex, location of tumour, multiple CRCs, occurrence of, and age at, diagnosis of CRC in first-degree relatives, and occurrence of endometrial cancer in any first-degree relative.
In responders who provided a family history, proband and family characteristics were compared according to family risk classification determined by the medical geneticist. As geneticists use the history of the proband in making screening recommendations, the FHS included data from the proband. As both FHS and MMR predict were not normally distributed, these scores are presented as medians with interquartile range. Percentage >1.66 for MMR predict (corrected for family size) is presented as this was the cut-off criterion for optimal sensitivity and specificity in diagnosing MMR mutation carriers (20) . Screening recommendations to family members are presented as age recommended for first colonoscopy, frequency of subsequent colonoscopies, and referral for tumour/DNA cascade testing for LS. Figure 1 is the flow chart on patients provided colonoscopic screening recommendations at the familial CRC clinic. Of 1091 CRC patients eligible to attend clinic, contact was made with 99.5%, 63.7% agreed to participate and 51.4 % provided a completed Family History Questionnaire.
Results
Comparison of responders and non-responders
In patients who provided a family history, 166 (29.7%) were >75 years old, 319 (57.2%) were male, and 375 (67.2%) were from the Eastern Health Region. Comparable results in non-responding group were 141 (35.7%) >75 years, 227 (57.8%) male and 303 (77.1%) from the Eastern Health region.
Reasons for declining to attend the clinic Of 267 patients who provided a reason for declining, 52.4% (N = 140) stated they had no interest, 19.4% (N = 52) stated they had no family history of CRC, 17.6% (N = 47) were too old or too sick, 15 (6%) said family members were already in a screening program, and the remaining 4.9% (N = 13) had miscellaneous reasons. A further 134 (12.3%) agreed to provide a family history but never did so.
Release of information
Of 256 patients who were asked to complete a release of information form to confirm tumour pathology, 146 (57%) completed this task, comprising 292 tumours. Table S5 provides the pathology results. Table 1 ). The latter two groups were referred to the genetic counsellor.
The distribution of FHS is shown in Table 2 . The median score was 2.2 (interquartile range 1.6-3.8).
Twenty-three percent fulfilled at least one of the criteria required by the Provincial Medical Genetics Program for Lynch syndrome testing. Twenty-four percent had a MMR score >1.66. Distribution of MMR predict scores is provided in Fig. 2b .
The clinical and family characteristics of the patients by family risk of CRC, as defined by the medical geneticist, are outlined in Table 1 . Higher family risk was associated with lower proband age and female gender. There was little difference in family history score, MMR predict score, or in the proportion fulfilling Bethesda criteria when comparing intermediate-high to intermediate-low, but there was a difference in the rate of ACMAC (49% vs 34%, respectively) and in the frequency at which colonoscopy was recommended, in these groups.
Colonoscopy screening recommendations
Three percent of the families were recommended to have screening colonoscopy every 1, 2, or 1-2 years, 11% 2-3 or 3 years, 21% 3-5 or 4 years and the remaining 65% ≥5 years. A recommendation of higher frequency of colonoscopy screening was associated with higher FHS and MMR predict scores, proportions who fulfilled Amsterdam and ACMAC criteria, or had ≥2 of the five Bethesda criteria or polyps in a first-degree relative. The recommendations provided, analysed by proband and family risk characteristics, are outlined in Table 2 .
The clinical and family risk characteristics, and family screening colonoscopy recommendations by proband age, are outlined in Table 3 . The rate of familial CRC differed little by age but there was a difference in the degree of family risk. Twenty-seven percent of patients were ≥75 years of age, of whom 20.9% had families at high or intermediate-high risk of CRC, compared to 36.6% of patients <75 years with similar risks. Nonetheless in the group ≥75 years 11.8% fulfilled ACMAC criteria 31.3% fulfilled Bethesda criteria, and 19.4 % had familial CRC. Screening recommendations were provided to family members for a colonoscopy, more frequently than once every 5 years, in 22.8% of these families.
Referrals to the genetic counsellor
Twenty-seven percent (N = 143/525) of probands were referred to the genetic counsellor, 21 (15%) of whom had high family risk, and 122 (85%) who had intermediate-high risk. During the study only 48 (34%) were actually interviewed by the genetic counsellor (Fig. 1) , and 24 (50%) of these consented to tumour/DNA cascade testing. The remaining 95 patients were seen by a genetic counsellor after the study was completed, provided with colonoscopy recommendations for family members based on the data available from the pedigree, and evaluated for LS cascade testing. 
Discussion
This study supports four main conclusions: (i) experience with a population-based familial CRC clinic in NL revealed a response rate (provision of a completed family history questionnaire) of 51%, and the efficiency of genetic counsellor services was poor; (ii) rate of referral to a genetic counsellor was high (27%); (iii) although the degree of family risk varied by age of the proband, risk-specific colonoscopic screening recommendations for family members were necessary even with older probands; (iv) a family history first approach to identify the risk of Lynch syndrome was inefficient.
As indicated in the appendix it is unlikely that the higher CRC mortality rate in NL (1), compared to Ontario, is caused by diagnosis at a later stage, or the presence of a higher rate of adverse prognostic factors at baseline, or to diminished survival following diagnosis (Appendix). The implications of these results are that a focus on prevention of CRC is needed in NL. Population-based screening for CRC using faecal immunohistochemistry (FIT) testing or flexible sigmoidoscopy is associated with reduced mortality (21, 22) , but faecal occult blood testing has only just begun in some regions of NL, and is not appropriate for families at high risk. Colonoscopic surveillance in individuals with a family history of CRC has been associated with an 80% reduction of CRC (23) . As the province has the highest reported rate of familial CRC in the world (2), CRC surveillance in family members of patients who present with CRC (3) may also decrease the incidence of CRC in NL.
Incident cases with CRC in the population were invited to attend the clinic but only 51% provided a family history sufficient to provide colonoscopic screening recommendations to families. This compares with 61% of incident cases who provided family histories to the NFCCR, a prior research project that required research consent (2) . However these proportions contrast with the observation that in Australia only 1% of unaffected people at potentially high risk of CRC reported appropriate screening (24) . In addition, the response to other requests (completion of family address and release of information forms) was similar to the family history response rate. The majority of non-responders just had no interest in the service being offered. A higher proportion of non-responders compared to responders were older than 75 years. Their decision may have been misguided since family risk was still quite high in the older age group.
The pedigree assessment by the medical geneticist engendered referrals for genetic counselling in 27% of incident cases. The decision to refer for counselling, or not, in those with intermediate-high vs intermediate-low risk family histories, was a clinical decision based on clinical interpretation of the family history. There was little difference in FHS, MMR predict or in the fulfilment of the Bethesda criteria, but there was a difference in the fulfilment of ACMAC criteria. Guidelines exist for the genetic/familial high-risk assessment of CRC but their application to specific families is not clear-cut (25) . In particular in NL family size is large, family information is extensive, and clinical judgement is necessary in determining family risk and colonoscopic screening recommendations. Consequently, the classifications of the medical decisions made in this study was those made by an educated, experienced geneticist, incorporating multiple parameters of family risk.
Efficiency in provision of counselling was poor as only 34% of high and intermediate-high-risk families were seen by the genetic counsellor during the duration of the study. This was the result of delays in ensuring accuracy of the family history via communication with the family for release of information consent and in obtaining information from hospitals, plus creation of a large referral wait-list to the genetic counsellor, which also included patients presenting with gynaecological cancer with families at high risk of cancer. The decision not to refer intermediate-low risk patients to a genetic counsellor was driven by limited resources for genetic counselling and the likelihood of further increasing the wait-list. It is possible that this triage has missed some families with Lynch syndrome.
The prevalence of high-risk CRC families was higher in a previous population-based cohort study from Newfoundland (10) . When comparing the previous study with the current one, the Amsterdam I or II criteria were fulfilled in 3.7% vs 1.7%, familial CRC was present in 31% vs 19.8%, and low risk families comprised 52.7% vs 57%, respectively. The lower prevalence of high-risk families identified could be the result of screening, as families with previously identified hereditary non-polyposis colorectal cancer have received intensive screening. In fact, both screened males and females with a Lynch syndrome MSH2 mutations in Newfoundland had a 71% lower risk of colorectal cancer compared to the expected incidence derived from the non-screened control group (13) . A study is underway to examine the impact of colonoscopic screening in FCCTX.
Age recommended for starting colonoscopic screening and frequency of colonoscopy is determined predominantly by the family history, and provision of screening recommendations to families at risk of CRC requires expertise. By anecdote, family doctors were pleased to receive letters outlining the recommendations, not only in high-risk families but particularly in families at lower risk. The limitation in financial resources for genetic counselling has suggested we examine predictive models of family risk and of various screening recommendations to determine whether electronic methods would safely improve the efficiency of the provision of recommendations.
We examined the capture of higher risk families by age of the proband. Although the rate of higher risk families, no matter how classified, decreased the older the proband, nonetheless the prevalence was quite high in probands ≥75 years: 19.4% had familial CRC, 31.3% fulfilled at least one Bethesda criterion, and screening colonoscopy frequency recommended to family members was greater than every 5 years in 23% of families.
The cost-effectiveness of family history-based CRC screening in Australia was examined using a Markov model. It demonstrated that in people at increased risk due to a strong family history of CRC, five yearly colonoscopy cost Au$12,405 per year gained, with an average life expectancy of 16.1 years (26) .
The family history first approach failed to assess 48% of incident cases for LS risk because no family history was provided. However, 36% of these non-responders were over 75 years and at lower risk of having a LS mutation. Of those who responded, 23% fulfilled the local criteria for tumour/genomic DNA cascade testing for LS mutations. If families at risk of LS, as defined by MMR predict, were referred to the genetic counsellor, the proportion of probands referred would have been 24%. The process whereby patients were identified as requiring a tumour/genomic DNA work-up for LS was cumbersome and inefficient: 66% of high/intermediate-high-risk families were waiting to see the genetic counsellor at the end of the study, so no decision on cascade testing could be made. Of the 48 patients seen by the genetic counsellor during the study, 50% were referred for LS testing. Of the 95 patients not seen by a genetic counsellor during the study all subsequently received recommendations for colonoscopic screening based on the pedigree, but data on those who needed work-up for LS is not yet available. The results of the LS work-up may change screening recommendations. The inefficiency of the process was exacerbated by the further need to send tumour tissue and genomic DNA to Toronto for cascade testing. Efficiency would presumably be improved by narrowing the criteria for referral to a genetic counsellor and/or hiring another genetic counsellor.
An alternate process to the family history first approach for LS identification is the tumour first approach with universal immunohistochemistry testing for the four MMR proteins, and/or microsatellite stability testing, in CRCs at time of initial surgery (27) .
Universal tumour MMR testing among CRC probands had a greater sensitivity for the identification of LS compared with multiple alternative strategies, although the increase in diagnostic yield was modest (28) .The decision to undertake universal testing will be influenced by the utility of defining MMR deficiency for immunotherapies (29) .
As a result of our conclusion that the high CRC mortality rate in NL is likely the result of high CRC incidence, and because the familial CRC rate is high in the province, we recommend development of population-based colonoscopic screening strategies to target families at risk of CRC. Assessment of an accurate pedigree is probably best provided by subject matter experts in a central location, but algorithmic approaches to defining risk should be investigated. The strategy examined in this paper had a response rate of 51% but an inefficient process in the management of high and intermediate risk families. The work-load of the genetic counsellor was too broad given the resources available, even though counselling was limited to high and intermediate-high-risk families. To identify families at high risk of LS a family history first approach in patients who presented with CRC was inefficient, although it may be the only option for screening unaffected persons. A tumour/genomic DNA testing first approach may be better with referral for counselling because of the presence of microsatellite instability and/or deficiency of a MMR protein in the tumour (not caused by methylation).
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Objective
To determine whether the increased mortality in NL was the result of poor survival after diagnosis (rather than increased CRC incidence) we compared adverse prognostic indicators at diagnosis and survival in incident CRC patients in NL and in Ontario.
Methods
Clinical and outcome data were obtained from the Newfoundland Familial Colorectal Cancer Registry NFCCR and Ontario Familial Colorectal Registry (OFCCR) that recruited population-based series of incident cases of colorectal cancer among adults between 20 and 74 years of age. NL identified patients who presented with CRC between 1 January 1999 and 31 December 2003, and Ontario did so for the period between 1 January 1997 and 31 December 2000. OFCCR included 20% of low familial risk cases whereas NFCCR included all low risk cases. Participant recruitment and details regarding data collection have been previously described (2, 30) . Once consent was obtained, individuals provided demographic information, family history for CRC, and epidemiological data, and also consented to providing a DNA sample and access to tissue blocks. Prognostic indicators on each member of the NFCCR and OFCCR were obtained through a series of standardized chart reviews including pathology reports, operative records, oncology progress notes, and general medical records. Pathology reports were used to confirm patient diagnosis information.
From the NFCCR, 739 incidence cases were recruited, comprised of 510 colon and 229 rectal cancer patients.
On behalf of decreased eligible participants, proxies provided consent, of whom, 232 were enrolled in this manner. OFCCR registrants included 1185 incident cases comprised of 906 colon and 279 rectal cancer patients. The OFCCR did not request proxies to consent, which resulted in systematic exclusion of many patients who died within 1-2 years of diagnosis. The proportion of stage IV disease was 8%, yet one would expect up to 25% (31) . Therefore, survival analyses and multivariate modelling was undertaken for stage I-III cases only. We compared other baseline characteristics (age at diagnosis, sex, and MSI status) and survival in the NFCCR and OFCCR case series. A minimum 4-year follow-up was completed for all cases from both provinces.
NL cases included in this study were compared to 409 NL patients that declined study entry to determine if the study group was representative of the population. Variables available for inclusion of non-enrolled cases were colon or rectal cancer diagnosis, sex, and age at diagnosis. No significant difference was found between enrolled and non-enrolled cases.
All data were analysed using the Statistical Package for Social Sciences (SPSS) Version 18. Survival analysis was conducted, from the date of diagnosis to death, with censoring at the time of last follow-up. Overall survival comparing the two provinces, stratified by stage and anatomic location, was undertaken using the log rank test. The impact of province on survival was assessed using multivariate cox regression analysis to estimate hazard ratios (HR) and 95% confidence intervals (CI). Prognostic variables in this model included sex, stage of disease, age at diagnosis, and MSI status.
Results
In the NFCCR 24.3% of colon and 12.7% of rectal cancer patients had stage 4 disease at diagnosis (Table 1) . Using stage I-III colon cancers as the denominator in NL 18.9% were diagnosed at stage I, 44.3% at stage II and 36.8% at stage III, whereas the respective proportions in OFCCR were 21.2%, 46.2% and 32.6%. For rectal cancer in NL 19.5% were diagnosed at stage I, 37.5% at stage II, and 43% at stage III, with the respective proportions in Ontario being 30.7%, 30.3% and 39.0% (Table 1 ). Age at diagnosis and proportion with MSI-high tumours were comparable in NFCCR and OFCCR cohorts.
Adjuvant treatment was administered to colon cancer patients diagnosed at stage III disease in 89% of NFCCR patients and in 96% of OFCCR patients. In rectal cancer patients diagnosed at stage II and III disease, 89% in NFCCR and 86% in OFCCR received adjuvant treatment. Survival by stage and anatomical location in NFCCR and OFCCR cases showed no significant differences in survival for stage I-III (Table 2) except for colon cancer patients diagnosed at stage II, who had significantly better survival in NL compared to Ontario (HR = 0.62, 95% CI, 0.44-0.87).
In a multivariate model of stage I-III patients, independent of prognostic factors at diagnosis the survival of both colon and of rectal cancer patients was significantly better in NL, than in Ontario (for colon HR 0.79, 95% CI 0.63, 0.99; for rectum HR 0.66, 95% CI 0.48, 0.92).
Conclusion
Whether the increased CRC mortality in NL is the result of increased CRC incidence, rather than more adverse prognostic factors at diagnosis, or diminished survival by stage after diagnosis, is an important question, as it may determine whether increased resources should be allocated to screening.
We conclude that in NL the high CRC mortality rate is likely the result of the high CRC incidence, which together with the high rate of familial CRC, provides a rationale for a population-based approach to the provision of colonoscopic screening recommendations in families at risk of CRC.
